We present a three-stage estimation procedure to recover willingness to pay for housing attributes.
Introduction.
Housing accounts for a major fraction of consumer spending and wealth. Shelter is the largest of the seven categories that comprise the CPI market basket, accounting for 32 percent of the total index. Housing equity represents the largest source of household wealth. Based on the 1998 Survey of Consumer Finances, the value of stocks owned by households was 7.8 trillion while the value of primary residences was 9.4 trillion. About two-thirds of American households own their homes while less than half of households own stocks. The majority of those who own both stocks and a home still have more wealth in home equity than in stocks (Di 2001) .
In this paper, we study housing demand by applying a three-step procedure for estimating the demand for differentiated products described in Bajari and Benkard (2002) . First, we estimate a hedonic house price function using a non-parametric technique based on the local polynomial methods described in Fan and Gijbels (1996) . Second, we infer household specific preference parameters for continuous product characteristics using a first order condition for utility maximization. Finally, we model individual specific taste coefficients as a function of household demographics and household specific preference shocks. The methods that we propose are computationally straightforward and can be estimated using standard statistical packages.
This approach has a number of novel features that differ from existing studies of housing demand such as Palmquist (1984) , Coulson and Bond (1990) , Cheshire and Sheppard (1998) , Epple and Sieg (1999) and Bayer, McMillan and Ruben (2002) . First, the recent literature on discrete choice models emphasizes the importance of accounting for product characteristics observed by the consumer but not by the economist.
Ignoring such attributes biases estimated price elasticities towards zero. See, for instance, Berry (1994) , Berry, Levinsohn and Pakes (1995) , Petrin (2002) and Ackerberg and Rysman (2002) . In our analysis, we derive preferences for both observed and unobserved product characteristics. Second, our model has a flexible specification of consumer preferences. We use random coefficients and household level demographics to model taste heterogeneity. In most previous models with random coefficients, such as Berry, Levinsohn and Pakes (1995) and McCollough, Polson and Rossi (2000) , the random coefficients are typically assumed to be independently and normally distributed conditional on household demographics. In our analysis, we recover a non-parametric distribution of the random coefficients for continuous characteristics, and we only impose parametric assumptions for discrete product characteristics since they are required for identification.
Finally, the methods that we propose allow for both discrete and continuous product characteristics.
As an application of our methods, we explore why the average white household lives in the suburbs while the average black household lives in the center city. We estimate our housing demand model for a sample of white and black migrants in three major cities to explore the merits of three potential explanations. The first hypothesis is that whites and blacks have different demands for the physical attributes of housing. Suburban homes are larger, newer and more likely to be single detached owner occupied units relative to center city housing units. Blacks may have a lower demand for such products because their household incomes are lower than whites. The second hypothesis is that racial segregation is inextricably tied to local labor markets and the disutility from commuting. If minority employment is disproportionately located in center cities and if the disutility from commuting is high, then blacks will urbanize. 2 The final hypothesis focuses on peer group selection. Communities differ with respect to their racial composition and their human capital levels. A household will recognize that by choosing a particular community it will determine who will be their neighbors and who their children will go to school with. The average suburban community has more college graduates and fewer minorities than the average urban community. Blacks and whites may differ with respect to their willingness to pay for these attributes. Estimates of willingness to pay for peers provides an alternative approach for recovering peer effects than the more standard "production function" approach as exemplified by Case and Katz (1991) and Crane (1991) . Manski (1993) has argued that a "production function" based approach for measuring peer effects often suffers from a reflection problem. By regressing a variable on its average, the peer group effect is not identified. Since we focus on estimating willingness to pay, if the hedonic price coefficients can be consistently estimated, then the preferences for peer groups can be identified from revealed preference under ¾ We recognize that another hypothesis is that black households seeking suburban housing products are discriminated against (Yinger 1986 , Munnell et. al. 1996 . Detecting and accounting for perceived or actual discrimination is beyond the scope of this paper (Heckman 1998 ).
3 our modeling assumptions. While consistently estimating implicit prices from hedonic coefficients can be difficult, the most important problem in practice is limited data and not a fundamental lack of identification as in Manski (1993) .
The paper is organized as follows. In Section 2, we describe our micro data. The available information plays a key role in determining our modeling strategy. In Section 3, we present the three step structural housing demand model. In Section 4, we present details about the model and we thoroughly contrast our approach with recent methods used to estimate the demand for differentiated products. In Section 5, we present our empirical application and in Section 6 we conclude.
Data.
The micro data in our empirical application comes from the 1990 Census of Population and Housing Integrated Public Use Microdata Series (IPUMS) 1% unweighted sample. We study housing demand in three major metropolitan areas: Atlanta, Chicago, and Dallas. 3 Based on the Cutler, Glaeser, and Vigdor (1999) 1990 disimilarity index, Chicago is highly segregated, while Dallas features a low segregation score and Atlanta is in the middle of the distribution. We have intentionally chosen to not include high priced cities such as Los Angeles, New York and San Francisco because home prices are top coded in the Census data.
The units for all dollar amounts in this paper are 1989 pre-tax dollars.
The Census data provides rich information on a household's demographic characteristics. For each member of the household roster, the Census reports age, race, education, employment status, income, place of residence and place of work. The household's owner or renter status is given. In addition, the Census publishes detailed housing unit characteristics such as the unit's age, number of rooms and whether the unit is single detached or part of a multi-unit building. Home prices and rents are self-reported. Following the convention in the urban literature, we define annual housing expenditure for owners as the reported home price multiplied by 7.5% (see Gyourko and Tracy 1991) .
In the data, the place of residence identifiers are Public Use Micro Areas (PUMAs). PUMAs are intended to be similar areas containing 100,000 people or more. While PUMAs generally are aggregations of census tracts and urban places, they do not reflect the boundaries of political jurisdictions. The data set also ¿ The Chicago metropolitan area consists of Chicago-Gary Lake, Aurora Elgin Gary-Hammond, East Chicago, Joliet, Illinois Lake County. Atlanta isthe Atlanta PMSA and Dallas consists of Dallas/Ft-Worth, Ft-Worth, and Arlington, Texas. 4 includes place of work identifiers that are more spatially aggregated than PUMA identifiers. We create measures of community characteristics by calculating PUMA specific means such as a community's percent of college graduates and percent of black households.
We focus on the housing choices of black and white migrant households. Migration status is determined by whether the household head lived in a different home in 1990 than in 1985. Unlike recent migrants, households who do not move may not be consuming their optimal housing bundle due to the transactions costs of moving. This makes it difficult to infer the preferences of non-movers from their current bundle.
3
A Model of Housing Choice.
In this section, we describe a method for estimating housing demand which builds on the techniques proposed in Bajari and Benkard (2002 A home is a bundle of three types of attributes: physical attributes, community attributes, and attributes that are observed by the consumer but are not observed by the econometrician. The physical attributes include the number of rooms, the age of the unit, an ownership dummy and a dummy variable indicating that the unit is a single detached dwelling. The community attributes in our model are the percentage of black households in the PUMA, the percentage of college educated households in the PUMA and whether the PUMA is located in the center city. We let Ü denote the physical and community attributes of housing unit , the unobserved product attribute is modeled as a scalar and the price of the housing unit is Ô .
In the model, the price of housing unit is a function Ô Ñ , which maps the characteristics of a housing unit into prices as follows:
The hedonic is determined in equilibrium by the interaction of a large number of buyers and sellers. Household utility is a function of housing characteristics´Ü µ and consumption of a composite commodity , with a price normalized to one dollar (pre-tax). The utility that consumer receives for product , Ù can 5 therefore be written as
Households are rational, utility maximizers who choose their preferred bundle given their income Ý . Product £´ µ is utility maximizing for household if
Note that in equation (3) we have substituted the budget constraint directly into the utility function. Suppose that product characteristic , Ü , is a continuous variable and that product £ is utility maximizing for household , then the following first order condition must hold
Equation (5) is the familiar condition that the marginal rate of substitution between a continuous characteristic and the composite commodity is equal to the partial derivative of the hedonic.
In the theory of revealed preference, if one observes a household's choices under all possible budget sets, then it is possible to recover the entire weak preference relation for that household under well known regularity conditions (see Mas-Colell (1977) ). In the Census data, however, a single cross section of households is observed, and therefore global identification of preferences is not possible. From equation (5), it is clear that household preferences will only be identified locally. Therefore, we use the following specification for consumer preferences:
6 where ¬ ´ ÑÓ µ ·
´ ÑÓ µ ¼ (8) In the parametric model (6)- (8), each household has a unique set of taste parameters ¬ ½ ¬ for the product characteristics. Since utility functions are identified only up to monotonic transformations, without loss of generality, we normalize the coefficient on the composite commodity to one.
If we make the functional form assumption (6), equation (4) becomes
Using equation (10), we note that ¬ is just identified given Ü £ and the hedonic price function (1) . Note that from equation (10) , the population distribution of ¬ is non-parametrically identified. For a more complete discussion on non-parametric identification of tastes and of the hedonic, including hedonics where the error term enters in a general, non-linear fashion, see Bajari and Benkard (2002) . In equation (7) and (8) 
Estimation.
Our approach to estimation involves three steps. In the first step, we estimate the housing hedonic using flexible, non-parametric methods based on the techniques described in Fan and Gijbels (1996) . Second, we use the first order condition (10) to infer household level preference parameters for continuous product characteristics. Third, we estimate (7) and (8) by regressing household level preference parameters on the demographic characteristics . We also discuss how to estimate preferences for discrete characteristics by maximum likelihood.
First
Step: Estimating the Hedonic.
We have experimented with several different methods for estimating the hedonic, including high order polynomials and kernel regression. The method that produced the most appealing estimates are based on local polynomial modeling. To estimate the implicit prices faced by household , who chooses £´ µ, we suppose that locally, the hedonic satisfies
In our notation, we denote the hedonic coefficients as « ¼ £ « £ to emphasize the fact that our estimates will be local in the sense that a unique set of implicit prices is estimated for each value of ½ Â Following Fan and Gijbels (1996), we use weighted least squares to estimate « ¼ £ « £ .
In equation (13) and (14), Ô is the vector of all prices for all products in a given metropolitan area, is a vector of regressors, which for each product includes an intercept and eight characteristics and Ï is a matrix of kernel weights. Notice that the kernel weights are a function of the distance between product £ and product . Thus, the local linear regression assigns greater importance to observations near £ .
Local linear methods have the same asymptotic variance and a lower asymptotic bias than the NadarayaWatson estimator. Also, the Gasser-Mueller estimator has the same asymptotic bias and a higher asymptotic variance than local linear methods.
Our estimates of equation (13) and (14) allow us to recover an estimate of the unobserved product
In equation (15) , the unobserved product characteristic £ is estimated as the residual to our hedonic regression. While there are certainly other interpretations of the hedonic residual, we believe that this interpretation is the most important in our data. Given the lack of appropriate instruments, we maintain the standard hedonic assumption that the unobserved product characteristics are independent of the observed product characteristics.
In local linear regressions, the choice of kernel and bandwidth is extremely important. We chose the following normal kernel function with a bandwidth of 3 Ã´Þµ ¥ ½ AE´Þ ¾ µ (16) Ã ´Þµ Ã´Þ µ (17) In equation (16) , the function Ã is a product of standard normal distributions which we denote using AE. In equation (16), for the Ø characteristic, we evaluate the normal distribution at Þ ¾ where ¾ is the sample standard deviation of characteristic . 4 Fan and Gijbels (1996) describe asymptotically appropriate methods for choosing the bandwidth. However, in our application, since the hedonics depend on 8 covariates such asymptotic approximations are not likely to be very reliable. Based on visual inspection of the estimates, we choose the bandwidth equal to 3.
Given the large number of covariates, we should not interpret these estimates as "non-parametric". However, compared to other flexible functional forms, local linear methods appeared to give much more plausible estimates of the implicit prices. In all three cities, the estimated implicit prices have intuitively plausible signs and magnitudes.
Second
Step: Applying the First Order Conditions.
After estimating the implicit prices, we next estimate the preferences for continuous characteristics. If household chooses product £ , equation (10) must hold. The left hand side of equation (10) Using estimates of implicit prices obtained from the first step and the observed choice of Ü £ , ¬ can be recovered. Since the preference parameter for every individual can be recovered using our first order condition, the population distribution of tastes can be estimated. In the next step, we describe how to estimate the joint distribution of tastes and demographics.
Third
Step: Modeling the Joint Distribution of Tastes and Demographics.
After household level preference parameters are recovered, we then estimate (7)- (8). We could easily do this using very flexible methods as in our estimates of the hedonic. However, for presentation purposes, it is more convenient to model the joint distribution of tastes and demographic characteristics using a linear regression model.
Equation (11) and (12) demonstrate that preference parameters for discrete characteristics are not iden-
tified. In what follows, we shall assume that ¬ is normally distributed with a mean that depends on demographic characteristics and an unknown variance. If a household chooses to live in a detached unit,
We need to normalize the units of the different characteristics in equation (16) . Otherwise, age, which takes on values from 1 to 70 would have a much greater influence on the weights than the percentage of college educated heads of households in the PUMA, which only takes on values from 0 to 1. then equation (11) 
where ´ × µ is a vector of household 's demographic characteristics, is a vector of parameters and is an i.i.d. taste shock to household for the discrete characteristic . If is normally distributed with mean zero and standard deviation , then by equation (11) and (12), then the probability that household ½ Á chooses to live in single detached housing iś
The likelihood function for the population distribution of tastes for single detached housing can be written
where in equation (21), × Ò Ð £´ µ is an indicator variable that is equal to one if household purchases single detached housing and zero otherwise. We estimate the model above using maximum likelihood. In principal, we could model correlation between the taste coefficients for all discrete product characteristics using a multivariate normal distribution and estimate a more flexible model of how tastes for characteristics are correlated. However, for expositional clarity, we estimate the tastes for each product characteristic
independently. An alternative approach, which does not require assuming that tastes lie in a parametric family, is to use the bounds approach described in Bajari and Benkard (2002).
Discussion.
Since the methods we are employing are somewhat unique, it is useful to compare our approach to methods that have been used to estimate the demand for housing attributes and the demand for differentiated products more generally. First, the recent literature on estimating discrete choice models has emphasized that price elasticities tend to be biased towards zero if the economist fails to account for , product characteristics that are observed by the consumer but not by the economist. See, for instance, Berry (1994), Berry, Levinsohn and Pakes (1995), Petrin (2002) and Ackerberg and Rysman (2002) . This problem is ignored in most previous studies of housing demand. 5 We expect this problem to be especially important in housing research based on standard Census data where researchers commonly find that the observed covariates explain half or less of the variation in prices. (2000), the random coefficients are typically assumed to be independently and normally distributed, conditional on demographics. Given that these models are computationally intensive, a parsimonious parametric specification is often needed. By contrast, our procedure is extremely easy to compute and can be quickly estimated using standard statistical packages.
The analyst does face a couple of trade-offs, however, in using our approach as compared to the random we do not believe that this is particularly problematic, however, it can be an issue in data sets with fewer product characteristics. Second, the instrumental variable strategies proposed by Berry, Levinsohn and Pakes (1995) cannot be implemented in our model in a straightforward fashion.
Third, while our approach to estimating preferences is similar to the hedonic two-step of Rosen (1974) An important exception is Bayer, McMillan and Ruben (2002).
and Epple (1987) , there are some important distinctions. In our model, household level preferences are only locally identified from a single cross section of data. While we do regress preferences on household level demographics to obtain an estimate of how preferences change with demographic characteristics of the household, we do not attempt to globally estimate preferences as in the standard second stage hedonic regression. As a result, our procedure does not involve a step that requires the economist to regress product characteristics on non-linear functions of product characteristics, which has been criticized as a limitation of second stage (Brown and Rosen 1982) . Epple (1987) presents a formal model of the necessary conditions for achieving identification of structural parameters using the hedonic two step. Finding valid instruments to implement this procedure is often quite challenging. Hedonic researchers have instead attempted alternative identification strategies such as pooling multiple segmented markets at a point in time and arguing that differences in equilibrium prices and quantities across markets reflect differences in supply conditions, and this variation traces out "the" demand curve (Palmquist 1984 There are at least three limitations to the model of housing demand presented in the previous section.
The first is the standard exogeneity assumptions employed in hedonics. In general, one would not expect unobserved product characteristics to be independent of observed product characteristics. In our opinion, biases in implicit prices are primarily a data issue. With sufficiently detailed data, one can recover plausible estimates of implicit prices. However, to the best of our knowledge, there are no publicly available data sources in which we can merge the detailed demographic data used in the census with detailed data on home prices and characteristics. To address this problem, we checked our estimates of implicit prices against those found by other researchers to make sure that they appeared reasonable. This problem is not unique to hedonics, as most discrete choice models similarly assume that product characteristics are exogenous.
Second, the results of our analysis will depend to some extent on the functional form of the utility function. Given that we only have a single cross section of data, it is not possible to globally identify preferences. We note, however, that we impose the minimal functional form assumptions that are required for identification. Also, many of the results that we present will be based on the willingness to pay for fairly small changes in the bundle consumed by a household. Since the marginal rate of substitution for continuous characteristics is identified without functional form assumptions, many of our results will remain robust for a large set of alternative specifications for preferences.
Third, we recognize that observed differences in mean willingness to pay for housing attributes between whites and blacks may represent other factors than "preferences". While we control for household head educational attainment and household income, race may still proxy for permanent income and wealth accumulation (see Duca and Rosenthal 1994) . Despite the limitations of this exercise, we believe that flexibly modeling the joint distribution of tastes and demographic characteristics is an important step in better understanding the determinants of housing demand.
Results.
Our empirical application focuses on the housing choices of migrants ages 18-60 who work and commute by private vehicle to work. In all three cities, the average black and white migrant head of household both 14 works and commutes by private vehicle to work. Our sample restriction allows us to focus on the housing demands of middle class households independent of job search concerns. The unemployed and those not working in the legal work force may choose a residential community because of the expected economic opportunities from living there. Since it is quite difficult to measure the accessibility of public transit by community, and we do not want to jointly model the choice of commuting mode and choosing a housing product, we focus solely on private vehicle commuters. 6 Table 1 provides some basic summary statistics concerning white and black migrants in our sample. In each city, we compare migrants to all household heads who work, who are 18-60 who commute by car to work. A large share of the household heads move over a five year period. In Chicago, 54% of all whites switched homes between 1985 and 1990 while for blacks 46% migrated. Migrants are better educated but have lower household incomes than the entire population. Across the three cities, both black and white migrants are more likely to rent their home, and live in a smaller housing unit. In all three cities, black migrants are more likely to live in the suburbs than the average black household.
To ease the computational burdens in estimating the flexible hedonic specification, a random sample of 2000 migrants was drawn for each city. These three samples of 2000 observations each will form the basis for all of the subsequent empirical work. 7 Table 2 presents the sample demographic means for white and black migrants included in our structural estimates across the three metropolitan areas. Across the three cities, the average white household's income is $15,000 higher than the average black's household. White household heads are much more likely to be married than black household heads. This marriage differential is 14 percentage points in Atlanta, 20 percentage points in Chicago and 17 percentage points in Dallas.
Averaged across the three cities, white household heads are 18 percentage points more likely to be a college graduate than black household heads.
Hypothesis #1 The Demand for Physical Housing Attributes and Housing Type
This section tests the hypothesis that whites are moving to the suburbs because they have a greater demand for larger, newer housing units. The suburban housing stock features homes that are larger, newer, and more Glaeser, Kahn and Rappaport (2000) report evidence that access to public transit is a major urbanizing force for households in poverty. In this paper, we are focusing on people who work and almost all people who work have income above the poverty line.
In our local linear regressions, however, we use all of the households in the sample to estimate the implicit prices in equations (13) and (14) .
likely to be single detached relative to the center city housing stock. The standard explanation for this fact is that the housing stock is durable and land's price per square foot falls with distance from the Central Business District to compensate for the longer commute downtown (Alonso 1964 ). We test whether whites and blacks have different tastes for such attributes and whether average demographic differences between races such as differences in income, educational attainment and marriage rates explains differences in the demand for physical attributes of the housing unit.
Reduced form evidence documents the differences in housing consumption across demographic groups for the migrant samples. In Table 3 , we present OLS regression results from 21 separate regressions. In each regression, we control for the household income and household size, and the household head's education, race, age, sex and marital status. The top panel of the Table reports results for Atlanta. Column (6) reports the regression where the dependent variable is the housing unit's number of rooms. We find that married households live in homes that have .68 more rooms in Atlanta and .7 more rooms in Chicago than nonmarried households. Across the three cities, married migrants are over 20 percentage points more likely to own a home and to live in a single detached suburban home. An extra $10,000 in household income increases the propensity to own a home by 3 percentage points in each of the cities.
For each city, we estimate the structural model presented in Section 3. This yields for each housing attribute, a preference parameter for each migrant. The discrete choice literature has modeled such random coefficients as normally distributed. In Figure One , we present a histogram of the taste parameters for rooms for the 2000 Chicago migrants. The important point conveyed by this figure is that tastes are right skewed and are not normally distributed. Tastes are also correlated across product attributes. Table 4 reports, by city, the correlation matrix of tastes across attributes. Across all three cities, the taste for rooms and the taste for communities with high levels of human capital are positively correlated. Surprisingly, the taste for communities with high levels of minorities is positively correlated with the taste for high human capital communities.
To test hypothesis 1, we use the random coefficient estimates to construct willingness to pay for an increase in rooms from 4 to 6. Let Ï Ì È Ê Ç Ç Å Ë denote household 's willingness to pay to increase the number of rooms from 4 to 6. By equation (6) , it must satisfy: Ï Ì È Ê Ç Ç Å Ë ¬ ½ ´ÐÓ ´ µ ÐÓ ´ µµ (22) This measure of willingness to pay for structure is regressed on household demographics. Table 5 reports these estimates of willingness to pay for 2 more rooms for each of the three cities. Across all three cities, richer college educated married migrants in larger households are willing to pay more for more space.
Holding all of these demographics constant, blacks are willing to pay $399 per year less in Chicago for the extra living space. In Atlanta, all else equal, blacks are willing to pay $172 less for extra living space. 8 But, all else is not equal. As shown in Table 2 , Blacks have lower incomes, lower college graduate rates and lower marriage rates. Based on the Atlanta coefficient estimates, if blacks caught up to the average white for these three demographic categories their willingness to pay for rooms would significantly increase. Demographic differences matter as much as "taste differences" in explaining the demand for physical attributes across races. The differential demand for housing unit size between whites and blacks is our strongest housing structure evidence for why black urbanization takes place. For other physical attributes of housing we do not find such major differences in willingness to pay between groups. Table 6 presents our estimates for how much migrants are willing to pay to live in a house that is 35 years old versus a house that is 10 years old. Across all three cities, migrants are willing to pay for newer housing but the differences in willingness to pay across demographic groups are small. For example, in Chicago a college graduate is willing to pay $2.76 more than an identical non-college graduate to live in older housing. Table 7 presents estimates of the household willingness to pay to own based on equation (21) . Note that the price coefficient has been normalized to equal -1. In Chicago, the college educated are willing to pay $72 more per year. An extra $10,000 in household income increases willingness to pay to own by $44 per year. Only in Atlanta, do we reject the hypothesis that whites and blacks have equal willingness to pay to own. 9 Table 8 presents the willingness to pay differentials for single detached housing. In Atlanta and Chicago, blacks are willing to pay less for such housing. In Chicago, all else equal, blacks are willing to pay $410 less per year for such housing than whites. Similar to the case of rooms, married people are willing to pay
We choose not to present estimates of (7) since by equation (22) , the dependent variables in the regressions presented in Tables 5-7 and Tables 10-11 are equal to a constant times the dependent variable in equation (7).
It is important to note that with our one cross-section of data, we are estimating a static model of housing demand. We recognize that the tenure choice decision has a dynamic component. more to live in single detached housing. Since blacks have lower marriage rates, this contributes to the total white/black gap with respect to demand for physical attributes. While household income and educational attainment sharply increase demand for detached housing in Chicago, such income effects have a much smaller impact in Atlanta and Dallas.
Hypothesis #2: Commuting and Place of Work
Employment suburbanization has tracked residential suburbanization for the last 50 years in the United States (Garreau 1992, Glaeser and Kahn 2001). As workers have suburbanized many jobs have followed them to the suburbs. As jobs migrate to the suburbs, suburban residents have shorter commutes and land intensive firms can purchase more land cheaper than in the CBD. Such "job sprawl"could increase the black/white suburbanization gap if households do not like commuting and blacks tend to work in highly urbanized industries.
Atlanta, Chicago and Dallas all have a significant amount of employment located outside of their center cities. In our migrant Atlanta sample, 59% of workers work in the suburbs and 53% of black workers work in the suburbs. In Chicago, 70% of workers are in the suburbs and 42% of black workers work in the suburbs. In Dallas, 62% work in the suburbs and 54% of blacks work in the suburbs.
The commuting hypothesis posits that blacks live in the city because they work in the city. We test this hypothesis in Table 9 by estimating the demand for living in the city, as in equation (21) . For each of the three cities, we estimate two separate models. We first estimate how much blacks are willing to pay to live in the city holding all other migrant demographics and housing choice attributes constant. In Atlanta and Dallas, all else equal, blacks are willing to pay $192 and $1154 dollars a year more than whites to live in the city. To test how much of this black differential willingness to pay is driven by place of work, we include in the specification a dummy variable indicating whether the migrant works in the center city. We recognize that working in the city is an endogenous regressor. Migrants may work in the city because they found out about a job opportunity from a city neighbor. In such a job search model, living in the city would raise your probability of working in the city. We thus instrument for whether a migrant works in the city using the worker's industry information (dummy variables for whether the migrant works in manufacturing, wholesale, retail, services, construction, or for the government). These dummies will be valid instruments if workers have invested in industry specific human capital and industries differ with respect to their suburbanization propensities (see Neal 1995) . For example, land intensive industries such as manufacturing tend to suburbanize. 10 For each city, we present our results where we include the work in city indicator and instrument for this variable. In all three cities, including this variable sharply reduces black willingness to pay to urbanize. In Dallas, black willingness to pay falls from 1154 to 355 when place of work is controlled for and in Chicago the hypothesis that the black coefficient is zero cannot be rejected. It is important to note that the first stage IV results have an R2 of .02 for each city. Still across the three cities, we find that black employment urbanization helps to explain black residential urbanization.
While not directly relevant for answering our paper's question, our structural estimates provide some insights into migrant value of time. This is relevant for judging the plausibility of our parameter estimates.
Chicago migrants who work in the city are willing to pay $381 more per year to live in the city than migrants who work in the suburbs. Migrants who commute by car and work and live in city have an 11 minute shorter one way commute than migrants who live in the city and work in the suburbs. This suggests that migrants are willing to pay $4.15 to avoid an hour of commuting. Many travel cost studies assume that people value their commute time at 50% of their hourly wage. Our Chicago estimate is roughly in line with this assumption.
Hypothesis #3: The Demand for Peers
Each day we interact with our neighbors. Thus, their attributes affect our well being and our human capital accumulation. Hedonic studies have measured the benefit of having high skilled neighbors by studying land rents in high and low skill areas (Rauch 1993 (Manski 1993 ). An alternative to the "production function" method for recovering the benefits of peers is to measure the willingness to pay to live among them. If a household greatly benefit from living in a particular community, we should observe this household being willing to pay a great deal to live there. In all urban studies, researchers face the challenge of defining what is the geography of the community and what is a parsimonious set of community attributes that matter. With regard to defining community, we use the census' PUMA definition. While we are well aware that communities can differ block by block in this car age people come into contract with a wide variety of people who live in an area around them.
We model community attributes using the PUMA's percent college graduates and the community's percent black. A community with more college graduates will have a richer variety of stores and restaurants. An emergent property of having an active educated set of neighbors is that the local schools will be better and crime will be lower. This community will feature an active set of role models who regularly go to work and they will be vocal stakeholders in preserving the quality of the community. In terms of crosscommunity variation, it is true that communities with more college graduates have fewer black residents but the correlations across the three cities are not extremely large. The correlation between a PUMA's percent black and percent college graduate in Atlanta, Chicago and Dallas is -.54, -.40, and -.54 respectively. We are thus confident that we can disentangle the separate demands for these attributes. Table 10 reports our structural estimates of the willingness to pay to live in a community whose percent of adults who are college graduates increases from 10% to 35%. Across all three cities, the college educated are willing to pay much more to live in the high human capital areas. In Chicago, college graduates are willing to pay $1225 more per year than non-college graduates to live in such a community. This indicates that among migrants there is a significant degree of sorting. High skilled individuals are sorting into high skilled communities. Across all three cities, holding demographics constant, blacks are willing to pay less to live in this high human capital community. In Atlanta, blacks are willing to pay $585 less and in Chicago they are willing to pay $1154 less. While richer households are willing to pay more to live in higher educated communities, the slope is small. In Chicago, an extra $10,000 in household income increases willingness to pay by $185 per year. Since the suburbs feature higher levels of college graduates, the evidence in Table 10 supports the hypothesis that differential sorting into high skill communities explains part of the urbanization puzzle.
Whites and blacks may have different preferences over their favorite community racial composition.
Using a hedonic 1st stage housing price regression in each decade from 1950 to 1990, Cutler, Glaeser and Vigdor (1999) concluded that whites are willing to pay more than blacks to live in white communities.
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We study their claim using our structural approach that explicitly recovers estimates of willingness to pay. Table 11 presents regression estimates of willingness to pay for living in a community that is 35% black versus a community that is 10% black (holding everything else constant). The most interesting result in the table is that across the three cities, blacks are willing to pay less than whites to live in such a community.
In Chicago, black migrants are willing to pay $684 less per year than whites to live in such a community.
Unlike Cutler, Glaeser and Vigdor (1999), we find no evidence for the hypothesis that whites are willing to pay more to live with other whites.
Whites are willing to pay more to live in college educated communities and these are often white communities but controlling for community human capital levels, whites actually exhibit a taste for integration.
The migrant black households who make up our sample are willing to pay more than observationally identical whites to live in whiter communities. It is important to note that our sample consists of working migrant households and this trims from the sample many minorities who reside in ghetto poverty.
Conclusion
Studying housing demand is a natural application of recently developed techniques for flexibly modeling the demand for differentiated products. We have adapted the empirical strategy presented in Bajari and Benkard (2002) to model housing. The three stage model relaxes some commonly made assumptions in the literature such as that random coefficients are normally distributed and independent across housing attributes. In our application, these assumptions appear to be inappropriate.
Our empirical application focused on the important urban question of why blacks choose to live in cities while whites suburbanize. Based on our structural estimates, we conclude that white suburbanization is driven by their greater demand for larger single detached housing units and their greater demand for living in high human capital communities. Black demand for suburban housing products would significantly increase if their incomes, educational attainment and marriage rates were as high as whites. Black urbanization is also explained by their propensity to work in center cities. All else equal, the disutility from commuting provides an incentive to choose urban residential communities. We reject the hypothesis that white demand for the suburbs is driven by the desire to live among other whites.
We have focused on the utility maximizing choices of migrants without investigating the social conse-21 quences of their choices. One important externality generated by suburbanization of the well to do is the increased isolation of the urban minority poor. We have shown that highly educated, wealthy black migrants have a high demand for suburban housing products. Wilson (1987) has argued that such selective migration of wealthier blacks to the suburbs reduces the center city poor's exposure to "role models" and this in turn reduces the next generation's educational attainment and commitment to working in the legal sector. This dynamic process would explain why Cutler and Glaeser (1997) conclude using 1990 data that ghettos are bad for blacks (based on teenage educational attainment and idle status) while Collins and Margo (2000) found that blacks who lived in segregated ghettos in the 1950s did not suffer such adverse effects. The social consequences of privately optimal housing choices merits further research.
7 References. Each column of the table presents a separate estimate of equation (21) .
Standard errors are reported in parentheses. The omitted category is a white, non-college graduate who is female, and not married. Household Income is measured in 1,000s of 1989 $. Each column of the table presents a separate estimate of equation (21) .
Standard errors are reported in parentheses. IV indicates that the model was estimated using an instrumental variable strategy. The dummy variable "Work in City" equals one if a migrants works in the city. This variable is instrumented for using dummy variables for what industry the migrant works in. The omitted category is a white, non-college graduate who is female, not married and works in the suburbs. Household Income is measured in 1,000s of 1989 $. 
